This Page Is Inserted by IF W Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PABE BLANKS 



per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 
O08F 8/00, C07K 1/04 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 92/04384 

19 March 1992(19.03.92) 



(21) International Application Number: PCT/US91/06103 

(22) International Filing Date: 27 August 1991 (27.08.91) 



(30) Priority data: 
576,314 
715,289 



31 August 1990 (31.08.90) US 
14 June 1991 (14.06.91) US 



(71) Applicant: REGENTS OF THE UNIVERSITY OF 

MINNESOTA [US/US]; Suite 201, 1100 Washington 
Avenue South, Minneapolis, MN 55415-1226 (US). 

(72) Inventors: BARANY, George ; 1813 Prior Avenue North, 

Falcon Heights, MN 55113 (US). ALBERICIO, Fernan- 
do ; Conde Borrell, 142, E-08028 Barcelona (ES). 
CHANG, Jane ; 820 Hughes Place, Vernon Hills, IL 
60061 (US). ZALIPSKY, Samuel ; 2A Windham Court, 
Princeton, NJ 08540 (US). SOLfi, Nuria, A. ; 15 South 
1st Street, Apt A- J 108, Minneapolis, MN 55401 (US). 



(74) Agents: CARROLL, Alice, Olek et al., Hamilton, Brook, 
Smith & Reynolds, Two Militia Drive, Lexington, MA 
02173 (US). 



(81) Designated States: AT (European patent), BE (European 
patent), CA, CH (European patent), DE (European pa- 
tent), DK (European patent), ES (European patent), FR 
(European patent), GB (European patent), GR (Euro- 
pean patent), IT (European patent), JP, LU (European 
patent), NL (European patent), SE (European patent). 



Published 

With international search report 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: POLYETHYLENE GLYCOL DERIVATIVES FOR SOLID-PHASE APPLICATIONS 



x-C 



T-<CH 2 ay))„-[ 



PEG 



PS 



]-(CH 2 CH 2 0)^ 



PEG 




(57) Abstract 

The present invention pertains to polyethylene glycol (PEG) derivatized graft supports, to methods for making these sup- 
ports and to methods of using the supports to synthesize peptides by solid-phase synthesis techniques. The PEG-graft supports of 
this invention comprise functionalized PEG derivatives which are covalently attached to solid supports, such as polystyrene. 
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POLYETHYLENE_GLYCOL_DERiyATiyES_FOR 
SOLID - PHASE_APPLICATIONS 

Spacer arms are essential in many areas of modern 
5 biochemistry. Spacer arms can be defined as molecules 
which link one molecule to another molecule or to an 
inert support. Polyethylene glycol, for example, has 
been used advantageously to link enzymes to insoluble 
carriers and other biomolecules while retaining the 

10 activity of the enzyme. K. Stark and K. Holmberg. 

Biotech . and Bioeng^, 34:942-950 (1989). This concept 
has important consequences for industrial processes using 
immobilized enzymes (e.g.. affinity column purification 
processes), and for diagnostic assays (e.g., ELISA 

15 assays). Two other areas in which polyethylene glycol 
spacer arms have been used are peptide synthesis and 
sequencing. The coupling rate of protected nucleotide 
and amino acid residues to inert supports, such as 
silica, membrane, and polystyrene supports, often 

20 increases commensurately with the separation of the 

reaction site from the support backbone. Similar effects 
have been shown for sequencing of solid-phase immobilized 
samples. J.K. Inman et al.. In Solid_Phase_Me thods_in 
P rotein S equence_Anajjsis . Previero and Colett i - Previero . 

25 (Eds.). Elsevier. North-Holland Biomed. Press, pp. 81-94 
(1977). 

The effectiveness of solid-phase nucleic acid or 
peptide synthesis or sequence analysis is affected by the 
solid-phase or support which anchors the reactive sites. 
30 Polystyrene gels or porous glass have both been utilized 
as solid supports for peptide sequ ncing. for example. 
In many applications, the solvents used in the process 
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can cause the polystyrene particle, to change In volume, 
which cause, blocking of the reaction column and back 
pressure. Conversely, porous glass is completely rigid 
and does not change in volume, but the chemical 
properties of porous glass derivatives have lacked 
reproducibility. Polymer particles, such as polystyrene 
particles, vhich have been derivstized so that reactive 
groups can be attached to them, have proved useful in 
.any applications. Polyethylene glycol (PEG) structures 
have been used as chemically inert spacer arms because 
chey are compatible with a wide range of solvents. Inman 
et al ibid. The use of PEG spacer arms minimizes the 
steric'eff"ects caused by the support. PEG spacer arms 
provide another useful function in modifying the 
character of the pore space so that the support-bound 
reactive moiety is compatible with a wider range of 
solvents and reagents. 

PEG-modifl.d polystyrene (PEG-PS) resins have been 
described for use in solid-phase peptide sequencing. 
Innan et al.. ibid. PEG -PS resins have also been 
utilized as phase transfer catalysts. W.M. HcKenzie ec 

al J . Soc. C h«»._ SgaBB*. P- 541 * 543 < 1978>: SL - 

R egen"eTaT: J . Jl-er ^Chem^Soc. . 101:116-120 (1979); 
J.G. Heffernan et al . , J^.Chenu _S 2£i _Pe rkin_I I . P- 
514-517 (1981); Y. Kimura et al., J^Or g^hern^ . 
48_:385-386 (1983); M. Tomoi et al.. Rea c^ive_Poly»e rs . 
10:27-36 (1989). PEG-PS resins have been described as 
supports for solid-phase peptide synthesis. Becker et 

al 1 Cham. Rapid Comjmn^. 3:217-223 (1982); H. 

Heliermann. et al . . Kakromo l^Chem. . 184:2603-2617 
(1983). However. PEG-PS resins prepared by the 
referenced methods suffer from several drawbacks. The 
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reactions proceeded poorly with high molecular weight PEG 
(e.g.. greater than 400 daltons) and symmetrical 
bifunctional PEG tended to form crosslinks. These 
problems were reduced by the anionic polymerization of 
5 ethylene oxide directly onto crosslinked polystyrene. 

Bayer et al. , In Peptides^ S t rue tur e_and_Funct i on , V.J. 

Hruby and D * H . Rich (eds.). Proc. 6th Am. Peptide Symp . 
pp. 87-90, Pierce Chem. Co., Rockford, IL (1983). Bayer 
and Rapp, German Patent DE 3500180 Al (1986). However, 

10 the PEG chain lengths are difficult to control using this 
method, and the uniformity of the PEG polymers is 
uncertain. Another problem with this process is that the 
polystyrene is functionalized using chloromethyl ether, 
which is highly toxic, and residual chloromethyl groups 

15 can cause side reactions during peptide synthesis. 

Another method of making PEG graft copolymers is 
described by Zalipsky et al . , In P£2t ide s^S true ture_and 
Function, CM. Deber, V.J. Hruby and K.D. Kopple (eds.), 
Proc. 9th Am. Pep. Symp., pp. 257-260, Pierce Chem. Co., 

20 Rockford, IL (1985). In this method, certain heterobi- 
functional PEG derivatives of defined molecular weight 
(i.e., 2000 to 4000 daltons) were used. However, these 
derivatives are not readily available, which hinders 
their commercialization. 

25 a method of preparing non-toxic and efficient solid 

supports which can be used with a wide range of solvents 
would be valuable for use in solid-phase synthesis or 
sequencing of peptides or nucleic acids, or for other 
solid-phase applications. 

30 Summary_of_the_Invention 

The pr sent invention pertains to polyethylene 
glyc 1 derivatized graft supports, to methods for making 
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the supports, and to methods of using the supports to 
synthesize peptides by solid-phase synthesis techniques. 
The PEG- graft supports of this invention comprise 
functionalized PEG derivatives which are co.valently 
5 attached to solid supports. In one embodiment, the PEG 
graft supports are represented by Formula I and shown in 
Figure 1A: 

X[HB.I:E.| ! H.0.iH.iB.(0.CIl.CB) o 0-CB-C»-0.CH-0E.» B ].C-».C.m-SS 

Formula I 

0 wherein n is an integer from about 5 to about 150; R 1 . 

R 2 . R 3 , R 4 , R 5 and R 6 are independently selected from the 
group consisting of hydrogen (H) , and simple alkyl or 
aryl groups such as methyl, ethyl or phenyl; X is H or 
H H-B-NH-CCO)-A-C(O)-; and A and B are independently a 
L5 straight chain or branched alkyl group, such as ethylene, 
propylene, isopropylene . butylene. isobutylene or other 
group up to about C-10 in length (e.g.. A derived from 
succinic, glutaric. adipic or other such acids; B derived 
from ethylenediamine or other aliphatic diamines), a 
20 CH-CH group (e.g.. A derived from maleic acid) or an 
aromatic group (e.g.. A derived from phthalic acid; B 
derived from phenylenediamine) . SS represents the solid 
support. The terminal amino group can optionally be 
protected by N** protecting groups, such as Boc . Fmoc and 
25 other known protecting groups. The core portion of the 
formula, indicated within the brackets, corresponds to a 
series of readily available amino-functionalized 
polyethylene glycol (PEG) polymer derivatives. 



WO 92704384 



PCT/US91/06103 



5- 



In another embodiment of the invention, the resins 
are constructed such that peptide synthesis can occur at 
a point other than the terminus of PEC. Such resins are 
illustrated in Figure IB and further represented by the 
general Formula II: 



f ? 3 8 

R 1 -0-(CH-CH-0) n -A-C-Y-NH-SS 
Formula II 



wherein Y is a diamino monocarboxylic acid that can 
optionally be protected by a N w protecting group; n is an 

10 integer from about 5 to about 150; SS is a solid support; 
A is a straight chain or branched CI -CIO alkyl group, 
such as methylene, ethylene, propylene, isopropylene . 
butylene and isobutylene; and R . R and R are 
independently selected from the group consisting of 

15 hydrogen, alkyl groups and aryl groups. 

The present invention provides several compact, 
commercially viable routes for making functionallzed 
inert supports for solid-phase applications using 
aonofunctional or homobifunctional polyethylene glycol as 

20 the starting material. The present PEG graft supports 
provide advantageous physical and mechanical properties 
for solid-phase peptide synthesis, nucleic acid 
synthesis, and other applications where Immobilized 
molecules are used. 

25 Brief Description of _the_Figures 

" Figures 1A and IB show the general structures of two 
types of polyethylene glycol -polystyrene (PEG-PS) graft 
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supports. X illustrates the point from which biopolymer 
chain growth begins. 

Figure 2 is a schematic showing a series of 
reactions leading to preparation of a spacer arm linker. 
5 its coupling to an amino-functionalized polystyrene 

resin, attachment of a handle to the resin-bound linker, 
and its use to synthesize a peptide. 

Figure 3 is a schematic showing a series of 
reactions leading to further PEG-PS graft supports. 
10 Figure A is a schematic showing a series of 

reactions leading to a PEG-PS graft support in which the 
biopolymer can be synthesized from the On residue. 

Detai led Des crip tion of the_Inventlon 

The present invention pertains to resins comprising 
15 a functionalized polyethylene glycol derivatives 

covalently linked to a solid support. In one embodiment, 
the resulting graft support comprises a symmetrical 
poly(oxyethylene) diamine derivative linked to the 
support and is represented by Formula I: 



a 1 f *Y 8 8 „ 

X[NH-CH-CH-0-CH-CH-(0-CH-CH) n O-CH-CH-0-CH-CH-NH]-C-A-C-NH-SS 



20 

Formula I 

12 3 

wherein n is an Integer from 5 to about 150; R , R , R . 
R 4 . R 5 and R 6 are Independently selected from the group 
consisting of hydrogen (H), and simple alkyl or aryl 
25 groups such as methyl, ethyl or phenyl; SS Is a solid 

support; X is H or H 2 N-B-HH-C<0) -A-C(O) - ; and A and B are 
independently a straight chain or branched alkyl group, 
such as ethylene, propylene, isopropy lene , butylene, 
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isobutylene or the like up to C-10 in length (e.g.. A 
derived fro. succinic, glutaric. adipic or other such 
acids; B derived from ethylenediamine or other aliphatic 
diamines); a CH-CH group (e.g.. A derived from maleic 
5 acid) or an aromatic group (e.g.. A derived from phthalic 
acid; B derived from phenylenediamine ) . The core portion 
of the formula, within the bracketed portion, corresponds 
to a series of polyoxyethylene diamine polymers. The^ 
amino group(s) can optionally be protected by known N w 

10 protecting groups. 

One method for producing the graft supports of 
Formula I is by reacting amino-functionalized core 
polymers with dicarboxylic acid derivatives, including 
anhydrides, to produce carboxyl • functional molecules. 

15 According to this method, the diamine polymer is reacted 
with at least two equivalents of the activated 
dicarboxylic acid derivative. Dicarboxylic acids which 
are useful in this method include alkyl diacids having up 
to about 12 carbon atoms, such as. for example, maleic, 

20 succinic, glutaric or adipic acid; anhydrides such as 
maleic, succinic or glutaric anhydride; or aromatic 
anhydrides, such as phthalic anhydride. In one 
embodiment of this method, the diamine polymer is reacted 
with succinic, maleic or glutaric anhydride to make 

25 representatives of the claimed compounds, bis ( succinyla- 
ted). bis(maleylated) or bis (glutarylated) PEG. Figures 
2 and 3 illustrate the formation and subsequent coupling 
of these derivatives onto an amino-functionalized solid 
support. 

30 Homobifunctional PEG diamine compounds which can be 

subsequently reacted to produce resins of Formula I have 
th general Formula III: 
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X.!!.*i.[»H.iH.CE.O.iH.<!B.(0.iH.^) n .CH.C»-O.CH.CB.HH].C.*.C.X 



Foraula III 



R 1 . R 2 



wherein n is an integer between about 5 and 150; 
r 3 R 6 , R 5 and R 6 are independently selected from the 
5 group consisting of H , alkyl groups and aryl groups; X is 
selected from the group consisting of OH. halogens and 
the activating group of an active ester or thioester; and 
A is selected from the group consisting of straight chain 
or branched alkyl groups having up to about 10 carbon 
10 atoms, CH-CH groups and aromatic groups. The term 
■active ester- refers to compounds which activate 
carboxyl groups to make them undergo more ready reactions 
with amino groups. Activating groups which can be used 
in the present composition and method include, for 
15 example, tr ichlorophenyl (TCP) esters, pentaf luoropheny 1 
(PFP) esters, pentachlorophenyl (PCP) esters and 
methylphenylpyrazolinone (KPP) esters. 

Symmetrical diamines which can be used as the core 
portion of the polymer include polymers corresponding to 
20 the bracketed portion of the structures shown in Formula 
1 and Formula 111. Such PEG derivatives having a 
theoretical content of amino groups can be obtained by a 
number of known processes. See. for example. Duckmann et 
al.. Makromol . Chea. . 182:1379 (1983); Zalipsky et al. . 
25 Eu r. Polvm. J. . 19:1177 (1983). Polymers which are 

particularly useful for this purpose include a series of 
poly(oxyethylene) diamines having a molecular weight up 
co about 6000 daltons which are commercially available 
und r the tradename Jeff amine* (Texaco Chemical Co.. 
30 Bellaire. TX) . The Jeffamine* poly (oxyethylene ) diamine 
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resins are aliphatic primary diamines structurally 
derived from polypropylene oxide-capped polyethylene 
glycol. These products are characterized by high total 
and primary amine contents. Other symmetrical diamines 
5 having the desired characteristics can be used. For some 
applications, symmetrical dicarboxylic acid- function- 
alized polymers having approximately the same general 
structure can be used. 

Carboxyl-functionalized spacer arm linkers produced 

10 by the present method are then coupled to appropriate 

parent carriers which have been f unc tlonalized with amino 
groups. Carriers which are useful as solid phases in the 
present invention include macromolecules or solids, such 
as membranes, porous glass, silica, polystyrenes, 

15 polydimethylacrylamides , cotton or paper. Solid supports 
which are particularly useful include amino- f unc tlon- 
alized polystyrene, aminomethyl polystyrene, aoinoacyl 
polystyrene and p-methylbenzhydrylamine polystyrene. A 
particularly preferred support is an amino- functional ized 

20 polystyrene-co-1% divinylbenzene . All amino groups of 
the parent carrier can be covered by reacting one 
equivalent of the carrier based on the amino groups with 
an excess of the carboxyl-functionalized derivatives. 
Most of the amino groups on the carrier become 

25 substituted by the polyethylene glycol derivatives* 
thereby forming spacer arms having one free pendant 
carboxyl group. 

Introduction of an amino functionality on the 
present PEG derivatives is desirable for many synthesis 

30 applications. This can be achieved by acid hydrolysis 

(see Figure 2) of the amide moiety, thereby exposing the 
amin gr up which was originally present n the diamine, 
or by further coupling f a free or monopro tected low 



WO 92/04384 



PCT/US91/06103 



-10- 



B olecular-weight diamine (e.g.. ethylene or hexamethy ene 
diamine) vith the carboxylate end group (see Figure 3). 
For parent carriers, modified by bis (maleylated) PEG 
linkers (see Figure 2). for example, the terminal pendant 
5 maleyl group is selectively hydrolyzed by controlled 
treatment with an acid. e.g.. trif luoroacetic acid or 
dilute hydrochloric acid (HC1) . whereas the other maleyl 
gr oup. now linking the PEG to the carrier, is essentially 
stable By these methods, amino-functionalized 
10 PEG-modified materials are obtained rapidly, efficiently 

and economically. 

in another embodiment of the method of making PEG 
graft co-polymers, the diacid or anhydride is first 
reacted with the amino- functionallzed support, thereby 
15 forming an amide-linked carboxyl functionallzed support. 
This carboxyl functionallzed support is activated and 
then contacted with an excess of a bifunctional diamine 
polymer, represented by the core structure described 
above. 

20 The PEG graft supports described above makes it 

possible to assemble biopoly-ers at the PEG terminus as 
shown in Figure IK. In another embodiment, however, the 
resins of the present invention can be constructed such 
that peptide synthesis can occur at a point other than 

25 the PEG terminus. Such resins are illustrated in Figure 
IB and are further represented by the general Formula II 



R 2 R 3 0 



R J 



-0-(CH-CH-0) n -A-!-Y-NH-SS 



Formula II 
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wherein Y is a dl amino oonocarboxylic acid that can 

optionally be protected by a N w protecting group; n is an 

integer from about 5 to about 150; SS is a solid support; 

A is a straight chain or branched C1-C10 alkyl group, 

5 such as methylene, ethylene, propylene, isopropylene , 

12 3 

butylene and isobutylene; and R , R and R are 
independently selected from the group consisting of 
hydrogen, alkyl groups and aryl groups. 

A PEG graft support of this type (Formula II) is 

10 synthesized using a monof unctionalized polyethylene 
glycol (e.g., PEG monoamine or PEG monomethyl ether) 
which has been derivatized. Commercially available PEG 
starting materials are either monof unc tional Jeffamine 
or PEG monomethyl ether which has methoxy and hydroxyl 

15 end groups. An amino group on PEG can be reacted with a 
dicarboxylic acid or anhydride as already described. 
Alternatively, carboxy 1 - f unc t ionalized derivatives of 
MPEG can be made by reaction with ethyl bromoaceta te , 
4 -bromovalerate or isocyanace tate , followed by 

20 saponification, for example as shown in the equation 
below. 

1. KO t Bu 0 
CH 3 0(CH 2 CH 2 0) n H > CH 3 O(CH 2 CH 2 0) n CH 2 C0H 

2. BrCH 2 C0 2 Et 
MPEG 3. "OH 

Figure 4 schematically illustrates the synthesis of 
a PEG resin of Formula II. According to this method, an 
2 5 N a -Fmoc, -Boc-Orn-PS resin (or a permutation on this 
theme) is deblocked selectively, and a monof unctional 
PEG-acid is coupled on to form a branch orthogonal to the 
ultimate direction of biopolymer chain growth. An 
ornithine residue (as shown in Figure 4) is used to link 
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the PEC derivative to the solid support; however, other 
chemical moieties which have a carboxyl group and two 
amino groups can be used. 

Polyethylene glycol -polystyrene (PEC-PS) graft 
supports made by the methods of this invention are 
particularly useful. PBG-PS supports made using the 
present PEG derivatives have several desirable 
characteristics for solid-phase applications: they swell 
in a variety of solvents, are stable under the condition 
used in most solid-phase synthesis, and behave well in 
both batch and column reactors used in solid-phase 
applications, in particular, solid-phase peptide 
synthesis. 

Solid-phase peptide synthesis typically begins with 
15 covalent attachment of the carboxyl end of a first amino 
acid to the solid support. The carboxyl group of an 
^-protected amino acid is covalently linked to a handle 
moiety which is attached to the amino group on the free 
end (the end not linked to the solid support) of the PEG 
spacer arm (Figures 1A. 2 and 3) or at a point other than 
the PEG terminus (Figures IB and 4). A "handle" is 
defined as a bifunctional spacer which serves to attach 
the initial amino acid residue to the polymeric support. 
One end of the handle incorporates a smoothly cleavable 
protecting group and the other end of the handle couples 
to the f nationalised solid support. Handles which can 
be used with the present spacer arms in solid-phase 
peptide synthesis include, for example acid-labile 
p-alkoxybeuzyl (PAB) handles, photolabile o-ni trobenzyl 
ester handles, and handles such as those described by 
Albericio et al.. J^_Or g^Chem^ . 55 = 3730-3743 (1990) and 
references cited therein, and in co-pending U.S. 
applications Serial No. 07/576.233 by G. Barany and F. 



20 



25 



30 
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Albericio and Serial Ho. 07/576,232 by G. Barany. both 
filed on August 31, 1990, the teachings of all of which 
are hereby incorporated herein by reference. The 
appropriate handles are coupled quantitatively in a 
5 single step onto the amino- functionalized supports to 
provide a general starting point of well-defined 
structures for peptide chain assembly. The handle 
protecting group is removed and the C- terminal residue of 
the N°-protected first amino acid is coupled 
10 quantitatively to the handle. Once the handle is coupled 
to the solid-phase and the Initial amino acid or peptide 
is attached to the handle, the general synthesis cycle 
proceeds. The synthesis cycle generally consists of 
deprotection of the N°-amino group of the amino acid or 
peptide on the resin, washing, and. if necessary, a 
neutralization step, followed by reaction with a 
carboxyl-activated form of the next Unprotected amino 
acid. The cycle is repeated to form the peptide or 
protein of interest. Solid-phase peptide synthesis 
methods using f unctionalized insoluble supports are well 
known. Merrifield. J^5u_Chem^_Soc A . 85:2149 (1963); 
Barany and Merrifield, In Peptides, Vol. 2. pp. 1-284 
(1979); Barany et al . . Int^_J^_Pe E t 1 de_Pr o t e in_Re . 
30:705-739 (1987). 
25 The present PEG-derivatives are particularly useful 

as spacer arms, which separate the inert support from the 
reacting amino acids which are forming the peptide chain 
during the synthesis process. The choice of a spacer 
arm, which provides this distance, is a critical 
30 parameter in solid-phase applications. 

In a preferred embodiment of the present invention, 
a variety f PEG spac r arms having an av rage molecular 
weight of about 2000 daltons wer incorporated betw en 



20 
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. nn 1v«tvrene backbone and the 

amino functional groups on a polystyrene 

point for attachment of the appropriate handles. The 

resultant PEG-PS 8 raft supports contained approximately 

equal weight amount. PEC and PS. These supports shoved 

5 ^producible advantage over PS supports with regard to 

physical and chemical properties such as swelling and in 

Ivnthesis of model peptides. The PEG-PS supports of this 

invention allow peptide synthesis to be carried out using 

acetonitrile as the solvent for all reaction steps and 
10 washes. The control experiments using PS and employing 

acetonitrile as the solvent resulted in no peptide 

products . 

in another embodiment, comparative experiments were 
carried out in which the difficult acyl carrier protein 
15 65-74 decapeptide sequence was synthesized using 

Fmocamino acids. The peptide was produced in higher 
purity on this new PEG-PS than on either PS. Tentagei 
(a trademark of Rapp Chem. . Tubingen. Germany), or Pepsyn 
K™ (a trademark of Cambridge Research Biochem.. 
20 Cambridge. England). The PEG-PS material proved highly 
suitable both for flow-through synthesis and batch 
operation. Negligible back-pressures were found even at 

high flow rates. 

The general usefulness of the PEG-PS graft support 

25 was demonstrated by syntheses of a number of large. 

<e g .. having about 30 to 60 residues) complex peptide 
sequences, such as cecropin analogues, calcitonin. 
/,-endorphin. corticotropin releasing factor, two zinc 
finger binding sequences, and several partial sequences 

30 of HIV-1 tat protein. The improvements in synthetic 

efficiency which resulted from use of the present PEG-PS 
linkers appear to originate from one or .ore of the 
following: (i) a spacer arm effect removing th reactio, 
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sites from the vicinity of the polymer backbone; (ii) a 
general environmental effect which modifies the 
hydrophobic nature of the resin with a concomitantly 
favorable influence on reaction rates; and (iii) a 
5 specific effect on conf optionally difficult couplings 
due to decreased secondary structure (hydrogen bond 
formation). 

The PEG derivatives can also be used in nucleic acid 
synthesis or sequencing as spacer arms or linkers between 
10 an inert support and the reacting nucleotide or nucleic 
acid. For example, the derivatives can be attached to 
polystyrene resins as described above and used in 
amidite-mediated DNA synthesis. The PEC-PS resin swells 
in acetonitrile. which is used as a solvent in the 
15 amidite coupling method. 

The invention will now be further illustrated by the 

following examples: 
EXAMPLES 

ExaaP le 1. Pre^ra^n^a^ 

20 of_Jeff^mUe^I2-100i 

Haleic Inhydride (4.5 g. 46 mmol) was added in one 
portion to a stirred solution of Jeffamine ED-2001 (30 
g 15 mmol. 30 mmol amino functions) in tetrahydrofuran 
(90 -L) at 25-C. After 5 hours, the solvent was removed 

25 by evaporation in vacuo, and the resulting oil was added 
to cold stirred ether (100 mL) at 0'C over 5 minutes. 
The resulting white suspension was stirred at 0'C for 
another 15 minutes, then collected by filtration, rinsed 
thoroughly with ether, and dried over phosphorus 

V i w. on Q e (88%). NHR data and 
30 pentoxide in vacuo. Yi Id. Z*.v g voo«; . 
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elemental analysis were in accord with the expected 
structure shown below: 

O O 0 0 

ho A«=Ahnctchjoc^ 

CB, CH, CHa 
wherein a + b - 2.5. 



10 



5 Exa 2E le_2. Frep^tion^^.Ms^^ 
o f _Je ffam ine^_ED I 1001 
A mixture" of Jef famine* ED-2001 (40 g, 20 mmol. 40 
—1 amino functions) plus glutaric anhydride (5.0 g. 44 
.Ml) in dichloromethane (200 «L) was stirred at 25'C for 
2 hours. The homogeneous reaction mixture, which gave a 
negative ninhydrin test indicating complete acylation. 
was concentrated in vacuo to provide a viscous oil which 
was decanted with vigorous stirring into a beaker 
containing ethyl ether (300 «L) at 4'C. A white 
15 precipitate formed quickly, which was collected, washed 
with further cold ether, and dried over phosphorus 

, vi.ld- 38 e (86%). NMR data and 

pentoxlde in vacuo . Yield. jo g 

elemental analysis in accord with structure. 



20 



Exa mple 3 . Preparation of a_ CarboxxE££^l 

Derivativ e of Poly ethy lgne_Glycol_Me thyl_Ether 

(HP EG) 

A solution of polyethylene glycol methyl ether 
(HPEG). M w 2000 (100 g. 50 mmol) in toluene (500 mL) was 
refluxed v might f r azeotropic drying, with water 
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removed by a Dean-Stark trap attachment. The solution 
was cooled to 80*C, treated with potassium tert -butoxide 
(11.2 g, 0.1 mol), and then a mixture of ethyl 
bromoacetate (11 mL, 0.1 mol) and toluene (10 nL) was 
5 added over 30 minutes. Reaction continued for 8 hours at 
90 # C, following which the mixture was concentrated in a 
rotary evaporator to form a brown viscous melt. 
Dichloromethane (500 mL) was added to extract the 
polymer, and activated alumina (200 g) was added. After 

10 30 minutes, the organic phase was collected upon 
filtration, partially concentrated (to - 100 mL) , 
combined with ethyl ether (700 mL) , and brought to -20 # C 
for several hours. The precipitated polymer was 
collected by filtration, air-dried, and taken up in 

15 aqueous sodium hydroxide (1 N, 500 mL) for 3 hours, 25°C. 
This saponification reaction was quenched by 
acidification to pH 3 with concentrated aqueous HC1 , and 
the product was extracted into dichloromethane (3 x 250 
mL). The organic phase was dried (MgS0 4 ) , partially 

20 concentrated (to - 100 mL) , combined with ethyl ether 
(700 mL) , and brought to -20*C for several hours. The 
final product was collected by filtration, and dried in 
vacuo over *2°5 for scvcral d *Y s • Yield: 75 g (73%), 
titration of carboxyl groups 94% of theory. NMR data and 

25 elemental analysis in accord with structure. 

Example 4 . Procedure for Couplln^_PEG^Ma^d_Deri^ative 
to MBHA- Resln 
To a stirred solution of the PEG-diacid produced in 
Example 1, (26 g, 11.8 mmol, 23.6 mmol carboxyl groups), 
30 in N,N-dimethylformamide (DMF) (30 mL) , was added 

1-hydroxybenzotriazole (HOBt; 0.81 g, 6.0 mmol) in DMF (3 
mL) and benzotriazol-l-yl-oxy- tris- (dimethyl amino) - 
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phospbonium hexaf luorophosphate (BOP; 2.63 g. 6.0 mmol) 
in DMF (8 iiL). A solution of N.H-diisopropylethylamine 
(DIEA; 1.56 *L, 9 mmol) in dichlorome thane (5 mL) was 
added over 10 minutes and the resulting solution stirred 
5 for another 10 minutes before transfer to a reaction 
vessel containing prevashed p-methylbenzhydrylamine 
(MBHA) polystyrene resin support (5.0 g, 0.6 mmol/g. 3.0 
m»ol amino groups). The mixture was shaken for 2 days, 
until a ninhydrin test on a sample was almost negative. 
10 Unreacted amino groups were capped by acetylation. and 
the support was then washed with dichloromethane for 
further treatment, as described in Example 7. 

Examples. Proced ure for _ CgupUn £ _PEG-Dlacid_Der iyative 
to Hl e-Resln 

In a separate experiment, an aminomethyl polystyrene 
resin support (0.68 mmol/g) was derivatized with 
Fmoc-norleucine by standard procedures. A portion of the 
resultant Fmoc-Nle-resln (0.23 g. 0.55 mmol/g. 0.13 mmol) 
was deprotected with piperidine-DSF (3:7. v/v) (2 + 10 
20 min) and washed with DHF and dichloromethane. In the 
meanwhile, the PEG-diacid from Example 2 (0.86 g. 0.39 
mmol. 0.78 mmol carboxyl groups). BOP (88 mg. 0.2 mmol) 
and HOBt (27 mg. 0.2 mmol) were dissolved in DMF (4 mL) . 
and then a solution of DIEA (45 pL. 0.26 mmol) in 
25 dichloromethane (2 mL) was added. After a 10 min 

preactivation period at 25'C. the PEG solution was added 
to the deprotected and washed resin, and coupling was 
carried out at 25*C for 5 hours to give an essentially 
negative ninhydrin test. Capping was performed by the 
30 addition of acetic anhydride (40 aL, 0.4 mmol) in 



15 
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dichloromethane (2 nL) for 30 min. The final PEG-PS 
graft support (0.49 g) coaprised PEC:PS:Nle - 
0.51:0.45:0.04 based on elemental analysis and amino acid 
analysis, from which it can be calculated that about 40% 
5 of the PEG chains were involved in cross-linking. 

Example 6 . Preparation of PEC-Orn(Boc) -?S_Res in 

An aminomethyl polystyrene resin support (6.0 g ( 
0.95 mmol/g, 5.7 mmol) was derivatized with N a -Fmoc, 
- Boc - ornithine by standard procedures. The resin was 

10 swollen and washed with dichloromethane, neutralized with 
5% DIEA in dichloromethane (1x5 min + 3 x 10 ain), and 
washed with dichloromethane. Coupling of the Orn 
derivative was mediated by N , M' -diisopropylcarbodiiraide 
(DIPCDI ) /HOBt in DMF method (3 equiv. each, 15 min 

15 preactivation, 40 mL reaction volume), 3 hours. Washing 
followed with DMF and dichloromethane. A ninhydrin test 
on a sample was nearly negative, but unreacted sites were 
blocked by capping with acetic anhydride (4.5 mL, 5 
equiv.) and triethylamine (7.0 mL, 5 equiv.) in DMF (20 

20 mL) , 30 minutes. The protected Orn-PS resin (0.7S 
mmol/g, matches theoretical loading as adjusted for 
expected weight gain) was washed with DMF, 
dichloromethane, and treated with piperidine-DMF (1:4, 
v/v) (2 + 10 ain) to remove selectively the N a -Fmoc 

25 group. Further washings with DMF, dichloromethane, 

2-propanol, and DMF-dichlorome thane (3:7, v/v) prepared 
the resin for coupling of the MPEG-acid derivative, 
produced as described in Example 3. A solution of the 
MPEG-acid (37 g. 18 mmol) in DMF-dichlorome thane (3;7 

30 v/v, 75 mL) was combined with HOBt (2.75 g ( 18 mmol) and 
DIPCDI (2.83 mL, 18 mmol) for 15 minutes, and was then 
added to th H-0rn(Boc ) - PS resin. C upling proceeded for 
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5 hours, giving a slightly positive ninhydrin test. A 
second coupling vith smaller amounts of MPEG -acid 
derivative and activating agents (9 mmol scale), and 
acetylation by already-described procedures followed. 
5 The final KPEG-Orn(Boc) -PS resin was washed with 

dichlorome thane, DMF, dichlorome thane and methanol, and 
dried in vacuo over P 2 0 5 for 48 hours. There was 
obtained 16.9 g of resin (excellent agreement with 
theoretical weight gain) with a loading of 0.31 mraol/g. 
10 comprising PEG:PS:0rn - 0.57:0.36:0.07 by weight (based 
on elemental analysis and amino acid analysis) . Similar 
results were obtained when BOP/HOBt/HMM in DKF protocols 
were used for activation and coupling. 

Example 7 . Procedure for Removal of Terminal 
15 Malevl Group 

The PEG-functionalized support prepared in Example 4 
was washed with trif luoroethanol on a sintered funnel, 
and transferred to a silanized round bottom flask. A 
mixture of trif luoroethanol/trif luoroacetic acid/water 
20 (8:1:1, 50 mL) was added and the suspension was heated at 
reflux (oil bath temp. 100*C) and stirred magnetically 
for 24 hours. The material was then washed with 
dichlorome thane. 5% DIEA in dichloromethane and methanol, 
and dried in vacuo in P 2 °5" Amino 8 rou P content was 
25 determined on an aliquot by picric acid titration, or by 
loading with an Fmoc-amino acid. The final PEG-PS 
comprises PEG.PS - 0.45:0.55 and has a loading of 0.17 
mmol/g (based on CHN elemental analysis and amino acid 
analysis); it can be calculated that about 65% of the PEG 
30 chains in this support are acting as a spacer with the 
remainder involved in crosslinking . 
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Ex ample 8 . Procedure for E thy 1 en^ 1 ami ne_A dd 1 1 i o n 

The PEG-PS support from Example 5 (0.4 g, 0.12 mmol 
original Nle sites) was washed with dichlorome thane for 
initial swelling, then DIPCDI (94 pL, 0.6 mmol) and HOBt 
5 (81 ng, 0.6 mmol) in DMF (2 mL) were added to the resin 

for a 5 minute preactivation period. Ethylenediamine (40 
M L, 0.6 mmol) in DMF (0.5 mL) was then added to the resin 
for a 5 hour reaction. Final washes with DMF. 
dichloromethane and methanol were performed. The resin 
10 (0.4 g; no weight change from this step) was dried in 
vacuo over P 2 ° 5 ' following which the usual loading 
measurements with Fmoc-Ala revealed a substitution level 
of 0,11 mmol/g. and an Ala:Nle ratio of 0.30 (consistent 
with earlier estimate of extent of cross - linking) . 

15 Exam£le_9 . Batchwise_Pegtlde_Sxnthes is_wlth_Polze thylene 
Gl yco 1 - Poly sty rene_Graf t^lPEg^PSj. 
PEG-PS was prepared according to the procedure set 
out in Examples 4 and 7, starting with 5 grams of 
p-raethylbenzhydrylamine resin (with loading 0.6 mmol/g), 

20 and 8.7 gram of PEG-PS product was obtained (loading 0.17 
mmol/g). A 2 gram portion of this PEG-PS was extended 
with the Fmoc-PAL [5' - (4"- (9 - f luorenylme thyloxycarbonyl) 
aminoethyl-3 , 5-dimethoxyphenoxy) valeric acid) handle 
which was linked by the BOP + HOBt protocol (D. Hudson, 

25 (1987) J. Or g. Chen. , 53:617-624) to give a totally 
functionallzed ninhydrin negative product. A test 
peptide, acyl carrier protein 65-74, was synthesized 
using a Milligen/Biosearch model 9600 peptide 
synthesizer, with the standard BOP + HOBt coupling 

30 programs (Milligen/Biosearch, Novate, CA) . In 

consecutive runs, Pepsyn K , normal polystyrene and 
T ntagel™ supports wer also used t make the same 
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sequence. The resulting peptides were analyzed by amino 
acid analysis (AAA), high performance liquid 
chromatography (HPLC) and fast atom bombardment (FAB) 
mass spectrometry. The results showed that synthesis 
using PEG-PS provided the product in the highest yield 
with superior purity. 

Example 10 . Continuous F 1 o v Pe £tl de_S t h e s 1 s _w 1 1 h 

Poly ethylene Glycol • Polys tyrene_Gr aft_j,P EC - PSj 

PEG-Orn(Boc)-PS prepared as described in Example 6 
was treated with TFA-dichloromethane (1:1) (5 + 25 min) 
to remove selectively the N*-Boc group. There followed 
washing with dichloromethane . neutralization with 5% DIEA 
in dichloromethane and dichloromethane. Similar to 
Example 9, an Fnoc-PAL handle was added, and a 
15 MilliGen/Biosearch model 9050 peptide synthesizer was 
used with a DIPCDI + HOBt coupling protocol (0.05 M 
concentrations), to make the challenging 
deca-alanyl-valine sequence. In a consecutive run, a 
normal polystyrene support was used to make the same 
sequence. The purity of the peptide based on HPLC was 
77% when PEG-PS was used, as compared to 53% when PS was 
used. 
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CLAIMS 

1. A resin for solid-phase peptide synthesis having the 
formula: 

XNH.CH.CH-0-CH-CH.(O.CH-CH) n O-CH.CH-O.CH-CH.NH.C.A.C-NH-SS 

wherein n is an integer from about 5 to about 150; 
R 1 , R 2 , R 3 , R 4 , R 5 and R 6 are independently selected 
from the group consisting of H, alkyl groups and 
aryl groups; X is H or H 2 N-B-NH-C(0) -A-C(O) - ; A and 
B are independently selected from the group 
consisting of straight chain or branched alkyl 
groups having up to about 10 carbon atoms, CH-CH 
groups and aromatic groups; and SS is a solid 
support, wherein the amino group is optionally 
protected by an N w protecting group. 

1 2 3 4 5 
A resin of Claim 1, wherein R , R , R , R , R and 

R 6 are independently H, methyl groups or ethyl 
groups . 

3. A resin of Claim 1, wherein A is selected from the 
group consisting of ethylene, propylene, 

20 isopropylene , butylene and isobutylene. 

4. A resin for solid-phase peptide synthesis 
represented by the general formula: 



10 
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R 2 R 3 -g 
R 1 .O-(CH-CH-0) n -A-C-Y-HH-SS 



wherein Y is a diamine monocarboxylic acid that can 
optionally be protected by a H w protecting group; n 
i. an integer fro* about 5 to about 150; SS is a 
5 solid support; A is a straight chain^or branched 

C1-C10 alkyl group; and R , R and R are 
independently selected from the group consisting of 
hydrogen, alkyl groups and aryl groups. 

5. A resin of any one of Claims 1-4, wherein the solid 
10 support is selected from the group consisting of 

amino- functional membranes, porous glass, silica, 
polystyrenes, polydimethylacrylamides . cotton and 
paper . 

6 A resin of any one of Claims 1-4, wherein the 
15 polystyrene is selected from the group consisting of 

amino-polystyrene. aminomethyl polystyrene, 
aninoacyl polystyrene and p-methylben 2 hydryla»ine 
polystyrene . 

7. A method of producing a resin for solid-phase 
20 peptide synthesis, comprising the steps of: 

a) coupling a blfunctional compound having a 
poly(oxyethylene) core and carboxyl end groups 
to an amino-functionalized solid support under 
conditions sufficient for one of the carboxyl 

25 groups on the blfunctional compound to react 

with the amino groups on the solid support; and 

b) introducing an amino functionality to replace 
the pendant terminal carboxyl group of the 
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resin formed in step a. 



8. The method of Claim 7, wherein the bifunctional 
compound is produced by reacting amine groups on a 
poly(oxyethylene) diamine polymer with a 

5 dicarboxylic acid (e.g., maleic acid, succinic acid, 

glutaric acid, adipic acid) or an anhydride (e.g., 
maleic anhydride, succinic anhydride, glutaric 
anhydride , phthalic anhydride) . 

9. A method of any one of Claims 7-8, wherein the 

10 product of step (a) is represented by the general 

formula: 

0 0 R 1 R 2 R 3 R* R 6 R 3 f ft 0 

X-C-A-C-NH-CH-CH-0-CH-CH-(0-CH-CH) n -CH-CH.O.CH-CH-NH-C-A-C-X 

wherein n is an integer from about 5 to about 150; 
R 1 , R 2 , R 3 , R 4 , R 5 and R 6 are independently selected 

15 from the group consisting of H f alkyl groups and 

aryl groups; X is selected from the group consisting 
of OH. halogens, or the activating group of an 
active ester or thioester; and A is selected from 
the group consisting of straight chain or branched 

20 alkyl groups having up to about 10 carbon atoms, 

CH-CH groups and aromatic groups. 

10. A method of producing a resin for solid-phase 
peptide synthesis, comprising the steps of: 

a) providing an amino - func tionalized solid support 
25 linked to a protected diamino monocarboxy lie 

acid; 
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15 



„) removing a protecting group from one of the two 
H w -amino moieties; and 

c) coupling a afunctional carboxyl terminal 
polyethylene glycol derivative to the 
deprotected N«- amino group to thereby produce a 

resin. 

A method of Claim 10, wherein the resin is 
represented by the formula: 

R 2 R 3 0 
R 1 -0-(CH-CH-0) n -A-C-Y-NH-SS 

wherein Y is a diamino monocarboxylic acid that can 
optionally be protected by a H» protecting group; n 
is an integer fro. about 5 to about 150; SS is a 
solid support; A is a straight chains branched 
CI -CIO allcyl group; and R , R and R are 
independently selected from the group consisting of 
hydrogen, alkyl groups and aryl groups. 
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